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Abstract
This current opinion provides an overview of the emerging discipline of muscle-strengthening exercise
epidemiology. First, we define muscle-strengthening exercise, and discuss its recent addition into the global
physical activity guidelines, which were historically mainly focused on aerobic physical activity (walking, running,
cycling etc.). Second, we provide an overview of the current clinical and epidemiological evidence on the
associations between muscle-strengthening exercise and health, showing a reduced mortality risk, and beneficial
cardiometabolic, musculoskeletal, functional and mental health-related outcomes. Third, we describe the latest
epidemiological research on the assessment, prevalence, trends and correlates of muscle-strengthening exercise. An
overview of recent population estimates suggests that the proportion of adults meeting the current muscle-
strengthening exercise guideline (10-30%; ≥ 2 sessions/week) is far lower than adults reporting meeting the aerobic
exercise guideline (~ 50%; ≥ 150 min/week). Fourth, we discuss the complexity of muscle-strengthening exercise
promotion, highlighting the need for concurrent, coordinated, and multiple-level strategies to increase population-
level uptake/adherence of this exercise modality. Last, we explore key research gaps and strategies that will
advance the field of muscle-strengthening exercise epidemiology. Our objective is to provide a case for increased
emphasis on the role of muscle-strengthening exercise for chronic disease prevention, and most importantly,
stimulate more research in this currently understudied area of physical activity epidemiology.
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Key Points
 Whilst clinical and epidemiological evidence links
muscle-strengthening exercise to optimal health and
well-being, over 80% of adults do not report meeting
the muscle-strengthening exercise guidelines (≥ 2
times/week).
 Compared to aerobic physical activity/exercise,
muscle-strengthening exercise has been generally
overlooked in public health approaches for chronic
disease prevention.
 Future research in muscle-strengthening exercise
epidemiology should focus on standardising assess-
ment instruments and assessing constructs beyond
frequency (type, duration, intensity etc.); developing
device-based assessments to improve measurement
precision; and the inclusion of muscle-strengthening
exercise into existing health surveillance systems.
Introduction
Strong clinical and emerging epidemiological evidence
shows that muscle-strengthening exercise (i.e. use of
weight machines/body weight exercises) is independently
associated with multiple health outcomes, including a
reduced risk of all-cause mortality [1–3], incidence of
diabetes [4, 5] and enhanced cardiometabolic [6, 7],
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musculoskeletal [8–10] and mental health [11, 12]. How-
ever, recent health surveillance data from multiple coun-
tries suggest only 10-30% adults meet the muscle-
strengthening exercise guideline (≥ 2 sessions/week) [13–
18]. Moreover, despite its numerous independent health
benefits, in comparison to aerobic physical activity (e.g.
walking, running or cycling), muscle-strengthening exer-
cise has been largely overlooked in public health ap-
proaches for chronic disease prevention [14, 17, 19]. This
current opinion paper:
i.Provides a narrative review of the emerging discipline
of muscle-strengthening exercise epidemiology
ii.Argues the case for an increased emphasis on the
role of muscle-strengthening exercise for chronic disease
prevention
iii.Discusses key research gaps and strategies to ad-
vance this field
Defining Muscle-strengthening Exercise
Muscle-strengthening exercise, sometimes referred to as
strength/weight/resistance training or exercise, is a volun-
tary activity that includes the use of weight machines, ex-
ercise bands, hand-held weights, or own body weight (e.g.
push-ups or sit-ups) [20]. When performed regularly, clin-
ical exercise studies show that muscle-strengthening exer-
cise increases skeletal muscle strength, power, endurance
and mass [21]. This exercise-related behaviour is usually
performed during a person’s leisure time, commonly
within community (fitness centres/gyms) or home settings
[22]. An individual may engage in muscle-strengthening
exercise for numerous purposes, including for strength-
related sports (e.g. weight/power lifting), aesthetic pur-
poses (e.g. body-building/sculpting); physical therapy (e.g.
rehabilitation from injury); conditioning for sports per-
formance and for general fitness and health [23].
Muscle-strengthening Exercise and Physical
Activity Guidelines—a Recent Addition
Since the 1970s, physical activity recommendations for
public health focused on promoting moderate-to-
vigorous intensity aerobic physical activity (MVPA: e.g.
walking, running or cycling) [24]. However, over the past
decade, muscle-strengthening exercise has since been
adopted. Muscle-strengthening exercise was initially in-
cluded in the ‘2008 Physical Activity Guidelines for
Americans’ [25], subsequently adopted in the World
Health Organisation’s ‘2010 Global Recommendations
on Physical Activity for Health’ [26] and is now included
in many national public health recommendations [27–
30]. The current global recommendations state that
adults (18-64 years) should engage in:
i.At least 150 min of moderate-intensity aerobic phys-
ical activity, or at least 75 min of vigorous-intensity
aerobic physical activity, or an equivalent combination
of both a week
ii.Muscle-strengthening activities involving major
muscle groups on 2 or more days a week [26]
Despite this inclusion, aerobic MVPA still remains the
core focus of physical activity for chronic disease preven-
tion [31–33]. The combination of muscle-strengthening
exercise only being a recent addition into physical activ-
ity guidelines, and that it is still rarely assessed in health
surveillance is likely to explain the current lack of re-
search focus [16]. However, from a health promotion
perspective, it might be possible that some may simply
not ‘enjoy’ or find it difficult to engage in regular aerobic
MVPA. For example, among those living in restrictive
built environments lacking street connectivity, access to
greenspace, and safe places to engage in common aer-
obic MVPA-related activities (e.g. walking, cycling and
running) [34, 35]. Moreover, this exercise modality may
be effective for those that are not able to perform aer-
obic MVPA due to co-morbidities, such as functional
limitations or chronic obstructive pulmonary disease
[36, 37]. Hence, there is a need to promote alternative
forms of physical activity/exercise beyond aerobic
MVPA [36, 37].
Muscle-strengthening Exercise and Health
The addition of muscle-strengthening exercise into
physical activity recommendations is due to the strong
scientific evidence showing that this physical activity
mode has multiple and unique health benefits. Since
comprehensive reviews on muscle-strengthening exer-
cise and health outcomes are available elsewhere [20, 21,
23, 38], we will only briefly discuss this evidence base.
First, the Clinical
The health benefits of muscle-strengthening exercise
from a clinical perspective are well established from over
30 years of research [38]. In brief, meta-analyses of
short-duration clinical exercise studies show that
muscle-strengthening exercise increases skeletal muscle
mass/strength [23, 39, 40], bone mineral density [9, 41],
the ability to perform activities of daily living [42], im-
proves cardiometabolic health [6, 43] and reduces symp-
toms of depression/anxiety [11, 12]. In many of these
meta-analyses, the benefits of muscle-strengthening ex-
ercise are independent of, or in some cases more effect-
ive than, aerobic MVPA [6, 11, 21, 39]. In addition,
compared to aerobic MVPA, muscle-strengthening exer-
cise has greater effects on emerging health conditions,
such as preventing/treating sarcopenia [10] and main-
taining physical function [44, 45]. This is particularly im-
portant when considering the current demographic
trend of an ageing population [46], with declines in
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muscle mass/function projected to be amongst the key
twenty-first-century public health challenges [10, 44, 45].
Now, the Epidemiological
A limitation of findings from clinical exercise studies,
even at the meta-analytical level, is the inclusion of small
and homogeneous samples [6, 11]. From a public health
perspective, it is necessary to establish how health bene-
fits observed in controlled exercise studies translate to
free-living community-dwelling adults. However, in
comparison to the decades of epidemiological research
on aerobic MVPA [38, 47, 48], similar research on
muscle-strengthening exercise is limited. Nonetheless,
recently epidemiological studies on the association be-
tween muscle-strengthening exercise and health have
begun to emerge. A brief overview of the latest evidence
now follows.
Saeidifard et al. conducted the first meta-analysis on
the associations of muscle-strengthening exercise with
mortality [1]. That analysis of 11 longitudinal studies
(370,256 participants; mean follow-up = 8.85 years)
showed that compared to no exercise, muscle-
strengthening exercise was independently associated
with 21% lower risk of all-cause mortality (after adjust-
ing for aerobic MVPA, age, sex) [1]. Interestingly, a sub-
analysis showed that compared to no muscle-
strengthening exercise, 1-2 sessions/week was associated
with reduced risk of mortality, whereas ≥ 3 sessions/
week was not [49] suggesting that high doses (above the
current guideline) of muscle-strengthening exercise may
not necessarily be protective against morality. Since that
meta-analysis, other longitudinal studies have shown
that muscle-strengthening exercise is independently as-
sociated with reduced mortality risk [2, 3]. Prospective
data from the US cohort studies have also identified that
compared to those doing none, muscle-strengthening
exercise is independently associated with a reduced inci-
dence of diabetes [4, 5], cardiovascular disease [50],
colon/kidney cancer [51], and gains in waist circumfer-
ence [52].
Run, Lift or Both?—Emerging Epidemiological Evidence
for Combining Aerobic MVPA and Muscle-strengthening
Exercise
In addition to these independent health benefits, our re-
cent epidemiological studies suggest that, compared to
engaging in either the muscle-strengthening exercise
guideline (≥ 2 sessions/week) or the aerobic MVPA
guideline alone (≥ 150 min/week), the combination of
both (as is prescribed in the current guideline) may be
most beneficial for the prevention and/or management
of multiple prevalent chronic health conditions [14, 49,
53–58]. Our cross-sectional studies, amongst large sam-
ples (range: ~ 10,000 to ~ 1.7 million adults) across
several countries (e.g. the USA, Germany and South
Korea) have shown that compared to meeting the aer-
obic MVPA or muscle-strengthening exercise guideline
alone, meeting both guidelines was associated with sev-
eral important indicators of health. These include a re-
duced prevalence of cardiometabolic (hypertension,
diabetes, cardiovascular disease) and general health con-
ditions (arthritis, chronic obstructive pulmonary disease,
asthma) [54, 58]; depression/depressive symptom sever-
ity [53, 56, 57]; obesity [49]; and prevalence of hypergly-
caemia and dyslipidaemia [55]. Given the cross-sectional
nature of these data, we urge caution in drawing strong
causal inferences. Nonetheless, our findings are consist-
ent with evidence from clinical studies demonstrating
that, compared to engaging in either activity alone, com-
bining aerobic MVPA and muscle-strengthening exercise
has more favourable effects on cardiometabolic bio-
markers [59–61], gains in lean muscle mass [62] and in-
dicators of mental health [63].
Assessment, Prevalence and Correlates of Muscle-
strengthening Exercise in Health Surveillance
Whilst research on the assessment, prevalence and cor-
relates of physical activity has historically focused on
aerobic MVPA [31–33, 64–66], over the past decade,
there has been some focus on the descriptive epidemi-
ology of muscle-strengthening exercise [13, 14, 16]. We
provide a brief overview of the common ways muscle-
strengthening exercise is assessed in health surveillance,
and the latest research on its prevalence and correlates.
Assessment
In health surveillance, muscle-strengthening exercise is
exclusively assessed by self-report, typically assessing its
frequency only (sessions/week). In contrast to aerobic
MVPA, there is currently no available validated device-
based assessment method, such as accelerometry, to as-
sess muscle-strengthening exercise in large population
studies. Consequently, since self-reporting assessments
of physical activity are prone to issues with social desir-
ability and/or over reporting [67], muscle-strengthening
exercise prevalence estimates obtained by self-report are
likely to be overestimations [14]. Nonetheless, compared
to aerobic MVPA, it is likely that individuals are able to
more reliably recall engagement in muscle-strengthening
exercise [68]. Yore et al. (2007) compared the reliability
of survey items assessing both aerobic MVPA and
muscle-strengthening exercise used in the US behav-
ioural risk factor surveillance system survey, the largest
and most consistently implemented survey assessing
both exercise modalities [68]. That study showed that re-
liability estimates for muscle-strengthening exercise
(Cohen’s kappa [k] = 0.85), exceed those for aerobic
MVPA (k = 0.67) [68].
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Prevalence
The available studies on public health surveillance data
(sample size range: ~ 9,000 to ~ 1.7 million adults) from
several countries (e.g. the USA, Australia, Finland, the
UK and Germany) suggest that between 10 and 30% of
adults meet the muscle-strengthening exercise guideline
(≥ 2 sessions/week) [13–18]. Moreover, our recent paper
on trends of muscle-strengthening exercise amongst US
adults suggests that at the population level muscle-
strengthening exercise levels were stable between 2011
and 2017 (29.1 to 30.3%) [69].
Compared to the proportions meeting the muscle-
strengthening exercise guideline, the prevalence of those
reporting sufficient aerobic MVPA guideline is consider-
ably higher (~ 50%) [13, 15, 54]. Importantly, as shown
in Fig. 1, our data amongst ~ 1.7 million US adults indi-
cates that almost twofold greater proportions of US
adults report no muscle-strengthening exercise (57.2%),
compared to no aerobic exercise (32.2%) [49]. A poten-
tial explanation for these vastly differing prevalence
levels is the fact that compared to certain types of aer-
obic physical activity/exercise that are common in daily
living (e.g. walking for transport purposes/shopping), in-
dividuals have limited opportunity to engage in uninten-
tional/incidental muscle-strengthening exercise. Based
on this comparison, we argue that when paralleled to
aerobic MVPA, equal (or possibly, greater) public health
emphasis should be placed on the development of strat-
egies and large-scale interventions to support the up-
take/adherence of muscle-strengthening exercise at the
population level [16, 54, 56, 57]. However, muscle-
strengthening exercise has rarely been the focus of phys-
ical activity promotion for public health [19], and has
even been referred to as the ‘forgotten’ [17] or
‘neglected’ guideline [70].
Correlates
At present, most research on the correlates of muscle-
strengthening exercise has focused on sociodemographic
and lifestyle-related factors. Studies have consistently
shown that older age, being female, having low educa-
tion/income and being overweight/obese are inversely
independently associated with not meeting the muscle-
strengthening exercise guideline [13–18]. Moreover, our
Australian data suggest that compared to those living in
metropolitan settings, those living in rural and remote
regions are less likely to meet the muscle-strengthening
exercise guideline [14]. A systematic review by Rhodes
et al. found based on the current limited literature, intra-
personal factors such as self-efficacy, affective judge-
ments and self-regulation, and interpersonal factors
including programme leadership and subjective norms




Despite being recommended by global/national public
health agencies [26, 27, 29, 38], muscle-strengthening
exercise has been a limited focus for public health ap-
proaches in chronic disease prevention [17, 19, 54]. This
lack of focus is likely due to the fact that muscle-
Fig. 1 Percentages of adults (≥ 18 years; n = 1,677,108) reporting ‘No’ or ‘Sufficient’ moderate-to-vigorous intensity aerobic physical activity
(MVPA: e.g. walking, running or cycling) and muscle-strengthening exercise (MSE; weight machines/body weight exercises)*. The asterisk indicates
that data for this figure are drawn from pooling the 2011, 2013, 2015, and 2017 behavioural risk factor surveillance system surveys. Data available
from Centers for Disease Control and Prevention Data and Documentation Repository: https://www.cdc.gov/brfss/data_documentation/index.htm
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strengthening exercise is a complex behaviour with mul-
tiple and unique health promotion challenges [16]. For
example, optimal muscle-strengthening exercise progres-
sion requires a basic understanding of specific termin-
ology (e.g. sets, repetitions, large-muscle groups) [21],
access to basic equipment (resistance bands/barbells)
[20], self-efficacy to perform muscle-strengthening
exercise-related activities (squats, lunges, push-ups) [71]
and the likelihood of multiple entrenched negative social
norms (e.g. fear of injury/excessive muscle gain/hyper-
masculine settings) [37, 72–74].
To address these complicated factors, it is likely that
concurrent, coordinated and multiple-level strategies are
needed [16]. Some of these may include the following:
-Providing educational programmes and materials that
offer basic information on muscle-strengthening exercise
and its importance for health. Such educational strat-
egies should focus on the fact that muscle-strengthening
exercise does not necessarily require expensive equip-
ment or access to specialised professionals. This ap-
proach would be particularly useful for older adults and
those who are home-bound.
– Increasing the availability of equipment (barbells,
resistance bands etc.) to encourage muscle-
strengthening exercise in multiple settings (home,
workplace etc.).
– Providing affordable/attractive spaces for muscle-
strengthening exercise (community health clubs/
centres, machines in open spaces).
– Enabling affordable public access to professionals
who have skills in prescribing muscle-strengthening
exercise (exercise physiologists/fitness instructors/
strength coaches).
– Using behaviour-change science techniques to
understand how different activities suit different
sub-groups (e.g. older adults, culturally/linguistically
diverse populations).
– Providing mass media campaigns endorsing muscle-
strengthening exercise as important for health, and
challenging its negative stereotypes.
Moving Forward—Next Phases in Muscle-
strengthening Exercise Epidemiology
Since research on the muscle-strengthening exercise epi-
demiology is still in its initial stages, there are multiple
areas for future research. Some potential priority areas
include the following:
Standardising Assessment
Amongst studies of nationally representative samples,
prevalence estimates for meeting the muscle-
strengthening exercise guideline ranged from ~ 10% in
Australia [14] to ~ 30% in the USA [16, 18]. Whilst this
may be reflective of diverse muscle-strengthening exer-
cise levels across countries, it is more likely that these
differences are a consequence of the different surveil-
lance instruments used across studies. Researchers
should consider developing standardised muscle-
strengthening exercise assessment items, as this would
enhance the validity of cross-country comparisons and
assist in accurately tracking/monitoring muscle-
strengthening exercise levels.
Beyond Frequency
At present muscle-strengthening exercise assessment
items used in public health research predominantly only
assess its frequency. Since clinical exercise studies dem-
onstrate duration, intensity and type (single vs. multi-
joint; body weight vs. use of weight machines etc.) of
muscle-strengthening exercise may affect outcomes such
as skeletal muscle strength/size/endurance [23], items
that assess these muscle-strengthening exercise partici-
pation constructs will provide a more nuanced insight
into this exercise modality and its associations with
health.
Device-based Assessments
As noted, a key limitation of assessment of muscle-
strengthening exercise surveillance is that it is exclu-
sively assessed by self-report. Whilst being of low cost/
participant burden, self-report assessment of health be-
haviours is prone to issues with recall bias (e.g. social de-
sirability and over/under reporting) [67]. Whilst
currently unavailable, future studies should explore the
use of wearable technologies/smart phone applications
and their potential to assess muscle-strengthening exer-
cise with greater precision.
Beyond Sociodemographic Correlates
Congruent with the expansive research on the correlates
of aerobic MVPA [31, 64], research should assess the
potential for a wider range of possible influences, such
as social (e.g. social norms/behavioural modelling) and
physical environmental (e.g. access to facilities/equip-
ment) factors. Moreover, future studies should examine
the key barriers and facilitators amongst population sub-
groups most at risk of low muscle-strengthening exercise
engagement (e.g. older adults, females, those experien-
cing sociodemographic disadvantage).
More Surveillance
Despite being globally recommended for a decade,
muscle-strengthening exercise is still rarely assessed in
physical activity surveillance [19]. As with common
practice for aerobic MVPA [32, 33, 66], there is a need
for surveillance systems to provide large-scale cross-
country assessments of muscle-strengthening exercise.
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Such information is essential for the tracking and moni-
toring of this important health behaviour and establish-
ing at risk population sub-groups for low-level
engagement.
Conclusion
This current opinion paper presents an overview of the
emerging discipline of muscle-strengthening exercise
epidemiology. The current scientific evidence indicates
that the multiple and independent health benefits of
muscle-strengthening exercise from a clinical perspective
are strong, and rapidly emerging from an epidemio-
logical standpoint. Importantly, epidemiological evidence
suggests that amongst those doing none, small-to-
moderate increases in muscle-strengthening exercise at
the population level are likely to have considerable pub-
lic health benefits. Yet, current conservative population
estimates suggest that between 10-30% of adults report
meeting the muscle-strengthening exercise guideline, a
far lower proportion than those meeting the MVPA
guideline (~ 50%). Success in large-scale interventions
adherence/adherence of the muscle-strengthening exer-
cise guideline at the population level will likely be con-
tingent upon several multi-level and concurrent
approaches. Future muscle-strengthening exercise epi-
demiology research should consider developing standar-
dised muscle-strengthening exercise assessments in
health surveillance (assessing constructs beyond fre-
quency), examining a wider range of the potential corre-
lates of muscle-strengthening exercise, and integrating
assessments of muscle-strengthening exercise into exist-
ing health surveillance systems.
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